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Presenter Background

» Sven Brehmer
« CEO and founder PolyCore Software, Inc.
» MCA Board member
« Chairman of MCAPI working group
« Significant contributor on MRAPI specification
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Agenda

» The Multicore Association

» MCAPI = Multicore Communications API
« Qverview

» MCAPI 1.1 sneak preview
» MCAPI strategies

» MCAPI case study

» Conclusions

In this webinar, we will cover the following topics:

We will begin with a brief overview of the MCA and its main goals. Then we will
go into some detail on MCAPI, including features and benefits.

We will go over some of the new features that will be part of MCAPI 1.1,
basically things to increase efficiency and performance. This will be followed
by discussing some implementation strategies and tying this to some case
studies showing how to optimize the multicore topology for the application.



The Multicore Association

» Purpose: Forum to address multicore standardization issues.

» Goal: Improve time to market for applications through the use of standards.

MCA Foundation API's
Communications (MCAPT)

- Lightweight messaging

Resonrce Management
(MRAPH

- Bassc synchronization

- Shared Drstnbuted Memory
- System Metadata

Task Management (MTAPL
- Task hfecycle

- Task placement

- Task prionry
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The Multicore Association was founded in May 2005, back in the pioneering
days of multicore technology. The primary goal of the MCA is to develop an
extensive set of application programming interfaces (APIs) and the
establishment of an industry-supported set of multicore programming practices
and services. The current MCA API effort supports multicore communications,
resource management, task management, and virtualization technology.
These APIs are designed to work together or to be used separately.

These and future industry-standard APIs will provide a foundation for a
multitude of services and functions including load balancing, power
management, reliability, and quality of service, elements, that are also on the
consortium's roadmap. Software development tools will be able to take
advantage of the unified APIs and standards, independent of specific multicore
systems, and will provide support for other MCA roadmap elements such as
programming languages and models, hypervisors, design environments, and
application generators. Ultimately, the MCA standards will benefit the system
developers, whose applications can take advantage of these universally-
shared APlIs.



Multicore Association Membership

» Executive Board Membership

- Freescale Semiconductor, Huawei Technologies, IBM, Intel, Mentor Graphics,
Nokia Siemens Networks, Plurality, PolyCore Software, Samsung Electronics,
Texas Instruments, Tilera, Wind River

» Working Group Membership

« CAPS entreprise, Codeplay, CriticalBlue, Enea, eSOL, IMEC, LG Electronics,
LSI, MIPS Technologies, National Instruments, nCore Design, Open Kernel
Labs, Siemens, Virtutech

» University Membership

« Carnegie Mellon University, Delft University of Technology. University of
Houston, University of Utah

Be Part of the Multicore Revolution
www.multicore-association.org
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The membership is comprised of Executive Board, Working Group, and
University Membership. The current list of members spans a wide area of
disciplines ranging from software vendors to processor vendors to system
developers, and universities working on a range of multicore-related projects.

(NOTE: Currently, all Executive Board member positions are filled)



MCAPI - Addressing the Need

Purpose: Define a standard communications API for closely
distributed systems

» Previous multiprocessing standards address
communications for widely distributed applications
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Prior to MCAPI, there was no multicore API that could efficiently address the
need for a closely distributed system. Previous multiprocessing standards,
such as OpenMP and MPI, are targeted at widely distributed systems.



MCAPI - Addressing the Need

Objectives
» Source level portability

» Lightweight, performance capable X
» Scalable to thousands of cores _ - —

» Simple, extendable

MCAPI Domain:

» Closely distributed applications (board level — multicore, multi-chip)
» Resource constrained systems with real-time requirements

» Static topology, reliable transports

» Multitude of cores, OS'es & interconnects
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|l tés hard to keep it simple and not
extensible to allow more functionality to be layered on top.

The MCAPI domain is closely distributed systems and that means board level,
where you have multiple cores on a chip or multiple chips on a board, or any
combination thereof. And typically resource constrained systems with real-time
requirements, which is common in embedded systems.

This is a static topology, meaning that the same number of cores are there
every time you turn on the power switch. Transports are reliable because they
should be there every time.

This could include multiple types of cores, such as CPUs and DSPs, and a
different number of cores. It could also include multiple instantiations of the
same operating system or different operating systems. It also could include a
variety of interconnects, such as shared memory and other things.

t hro
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Talking about some of the fundamentals of MCAPI.

Nodes are very important in MCAPI. They were defined as a thread of control
which can be a process, a thread, a hardware accelerator, or something else.
We did this because we wanted MCAPI to be implementable in a wide variety
of multicore platforms.

MCAPI domain, is something that will be introduced with MCAPI 1.1, is used
for routing purposes.

A port is the finest grain identifier of an endpoint.

There are 2 modes of communication: 1) connectionless messages, these are
the most flexible and slightly less performant; 2) connected channels, included
both packets and scalars, and these are meant for more performant
communications.



MCAPI - Concepts

» Topology Management » Scalar Channels — Connected
« Endpoint = <domain, node, port> . FIFO
+ Initialization

- 64, 32, 16 and 8 bit scalars
- Connect, open & close
- Availability

« Create/get endpoints
- Altribute get/set

» Messages - Connectionless
« Per message priority
+ Blocking & non-blocking
- User provided buffers send & recv
« Availability

» Non-blocking management

« Test, wait and cancel

» Packet Channels — Connected

- FIFO
- Blocking & non-blocking

+ Sendluser & recv/"system" provided
buffers, buffer release

- Connect, open & close
- Availability

Multicore
[assszsarinm]
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There are 5 different functional areas of MCAPI.

1) Topology management: involves initializing an implementation, creating and deleting
endpoints, getting endpoints (explained later), and allows an application to get and set
endpoint attributes.

2) Connectionless messages: messages are buffered communication and they allow per

message priority. They can be issued in blocking and non-blocking fashion. We will discuss the

significance of this in a few slides. The buffers used in a communication are user provided on

both the send and receive sides. ltés al so possil
waiting to be read on an endpoint.

3) Packet channels, as a connected communication, are unidirectional channels. They have
FIFO order. This is also buffered communication and can be in blocking and non-blocking
fashion. Different from the messages is that for packet channels, the buffers are user provided
on the send side and implementation provided on the receive side; this is to facilitate zero-copy
communication. Packet channels also include some functionality to manage the buffers.
Channels also require opening and closing.

4) Scalar channels are aimed at systems that have hardware support for sending small
amounts of data (for example, a hardware FIFO). There are four flavors including 64, 32, 16,
and 8 bits. These only have blocking functions because they are meant to be only performant.

5) For non-blocking calls, the application receives a token for each request and can then use
the non-blocking management function to test if the request has completed, wait for it (either
singularly or wait for any one of requests in an array of requests). They can also be cancelled.



Getting started with MCAPI

Can be as simple as:

Manage

mcapi_initialize (params) ;

mcapi_endpoint create(params) ;/* local */
mcapi_endpoint_get (params) ; /* remote*/
mcapi_finalize (params) ;

Communicate
mcapi_send (params) ;
mcapi_recv (params) ;

We strived to keep MCAPI simple. While most MCAPI users will use more
than these 6 functions, you can get started with MCAPI using only these.



MCAPI strategies

» Initialization, setup and discovery

» Load balancing

» Performance

Letds discuss some strategies that you
We will discuss initialization, setup, and discovery.

Load balancing to get the most out of your platform.

Performance.



MCAPI - Node initialization, setup and discovery

Objectives:
+ Balanced performance and resources
« Ability to adapt application to different # of cores

» Node initialization (each nodes is initialized)

« Parameterize for balanced performance and resources

+  mcap_mitialize{domain_id, node_id, (void *)&mcapi_parameters, &mcapi_info, &mcapi_status),

Implementations specific parameders, whech may include pre-affocated resources

« Utilizes initialization information for initial setup and discovery

- mcapi_initialize{domain_id, node_id, (void *)&mcapi_parameters, &mcap_info, &mcapl_status)

Including numtier of topalogy nodes (static topalagy ) ana avalable pants
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The objective is to balance performance with a reasonable amount of
resources.

|l tés also preferable i f the application
will be discussed further.

The first thing that youdll do is initi
parameters is new in MCAPI 1.1. It allows an application to parameterize the
implementation and gives you the ability to manage, for example, pre-allocated
resources to use only what you need.

In the other direction, the initialization can provide information about the
topology (such as number of available nodes). It can also tell you the number
of available ports on your endpoints.



MCAPI - endpoint setup and discovery continued

» Endpoint setup
« Create endpoints on local node (# of ports)
forli = 0. | < meap_info ramber_of_ports, 4|
andpainNCOE_ 115} » meapi_sndpoint_cress port_wli], Smcapi_status)
fimcapi_stans = MCAR!_SUCCESS) braak
]
» Topology discovery & setup: Get endpoints from other nodes (# of nodes)
fori = 0.1 < meap_info rombee_of_nodes; v+
1= my_node_id)
encoori0)= mcapi_sndpont_gsidomain_id, node_idli] port_ k0], Smcapr_ststus)
fmeapi_stans '« IMCAR!_SUCCESS) tvaak
]

» Channel connections can be setup collectively (known topology) or individually
by the nodes after discovery

» Capability discovery
« ldentify specific node capability
- Functionality: FFT, packet inspection, codec, etc
- Characteristics: resources, performance and more
« mecapi_msg_send() & mcapi_msg_recv()

Multicore
[assszsarinm]
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After initialization, you need to set up the endpoints (endpoints are the
terminating points for communication) on each side of the communication.

Start by creating endpoints on your own node. For example, you could use
one for each of the available ports.

You also need to get endpoints from other nodes so you can communicate
with them. By using the information about the number of nodes, you could get
an endpoint from each other node and use that in your communication.

Channels can be set up collectively if the topology is known or individually at
runtime by each node.

The topology discovery would tell you how many nodes there are in the
system. You can then do a second level discovery about the capabilities of
your system; this is done at the application level. This could be things such as
what functionality is available on the specific nodes and what are the
characteristics such as resources and performance. This is very convenient by
using the message functionality.



MCAPI - Initialization, setup and discovery continued

» Topology discovery
= Topology A — 9 nodes

. O .

» Topology B - 13 nodes

- N .

mcapi_info.number_of_nodes

L]
- . . .

]
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You can do the initial topology discovery by looping through by looping through

the number of nodes as you get an endpoint on each node. These examples

shows topologies with 9 and 13 nodes. At
capabilities of these nodes, unless this was non priori.



MCAPI - Initialization, setup and discovery continued

» Capability discovery
= Functionality
- Characteristics

Node specific
functionality &
characteristics

In the next step, you can find out specifically what the different nodes can offer
(depicted by different colors in the example). Ideally, the application should be
able to adapt to the topology, in terms of the number of nodes and their
capabilities. If your application is set up correctly, you should be able to
change from one topology to another without modifying the source code.



MCAPI - Load balancing_

» Function pipeline with parallel stages — choice of communication

» Multiple senders or receivers
« Messages - Connectionless
+ Unidirectional communication —— multiple to one - data
+ Bi-directional communication ~— one to multiple — data + data requests
« Bi-directional communication «— one to one - data
» One sender one receiver

» Packet channel
- Unidirectional communication — one to one - data
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Il n Il oad balancing, it is important
modes. In this example showing a function pipeline with some parallelism (F2
and F4). In cases where there may be multiple senders or receivers it is best
to use messages.

You may have uni-directional communication (such as shown between F2 and
F3 and between F4 and F5) in which only data flows. You may also have bi-
directional communication (such as F1 to F2, F3 to F4) where data flows in
one direction and requests for data flowing in the other direction. There may
also be bi-directional communication which is one to one (F7 to F8) which is
an exception handler.

Packet channels are the best choice if you have uni-directional one-to-one
(such as F5 to F6, F6 to F7, and F7 to F9) for higher performance but less
flexibility.

t
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MCAPI - Performance

Minimize or “hide” communication overhead

» Larger payload reduces processing and header overhead
1x_ 2x

[ Payload fload |

» Channels reduce processing and potentially transfer overhead

» Zero copy reduces transfer overhead Shared Mem

send( ) recv()

« Consider shared memaory communication vs. computation

« 2 copies
. 1 copy B  sShared Mem
O copy =TV Local Mem
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Multicore

Besides load balancing, there are other things to consider in regards to performance. We want
to minimize or hide the communication overhead. It is always the objective in parallel
processing to overlap the computing and communication functions.

There is some overhead in the processing of a request and in the header being sent across in
the transport. You want to optimize by using the largest payload/header ratio.

As indicated earlier, channels can reduce both the processing and potentially transfer
overhead, in that you can set up certain things before you do the connection.

Zero copy reduces transfer overhead and it simply uses shared memory. The sender has a
buffer in shared memory and it can pass a pointer to the receiver with no need to
physically move the data.

ltés i mportant to consider shared memory communi
Demonstrating with three scenarios:
1. Sender that sends from its local memory to shared memory and then to a receivers local

memory. This had a 6costdé of two copies, and wt
manage it completely and do all the locking for you.
2.1 f thereds a buffer in shared memory, the sende

receiver. This consumes one copy.
3. Zero copy which only passes a pointer.



MCAPI - Performance continued

Minimize or “hide” communication overhead

» Non-blocking functions

+ Issue communications request and compute until data dependency

- mecapi_msg_send_i{), ..o MEAPI_wait(imcapi_request),

» Use mcapi_msg_available and blocking functions in combination

= If x messages/packets/scalars available, then x read will not block

+ x=mcapi_msg_available(); for(i = 0; | < x; i++) mcapi_msg_recv(),

Multicore
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One way to get better performance is to hide or minimize communication
overhead.

With non-blocking functions, a request is issued to read some data and then
you continue to compute until you have a data dependency (at which point you
would do an mcapi wait with your request that was issued during the non-
blocking).

You can also use the mcapi_msg_available (or packet or scalar) to find out
how many are available to be read. So for example, if 3 messages were
available then you can use the blocking read to receive 3 reads without
blocking. This is another way to manage your compute vs communication.



MCAPI case study

» Packet processing
= Very compute intensive function m
» Objective
« Find out optimal multicore configuration
» Parameters
« # of cores
+ Memory speed (shared memory)
= Communication structure
- Endpoint resources
- Payload size

Add cores until no
more benefit

Modify
Parameters

/
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This application was a packet processing application with one very compute
intensive function (F4). The objective was to find what would be a good
multicore platform.

Parameters at our disposal included:
1. Number of cores
2. Memory speed (specifically for shared memory)

3. With communication, we could change the resources in the topology and
the payload size.

We added cores at different memory speeds until there was no more benefit.
The objective was to get linear improvement every time we added an F4
core.

Then we started looking at the communication itself, discovering that it might
be beneficial to pass multiple packets in each payload.



e |
MCAPI case study continued

» Platform

+ Simulator (Simics), RTOS (ThreadX), MCAPI communication framework
(Poly-Messenger/MCAPI)

» PPC440 - local and shared memory
+ Shared memory transport
» Tools

+ Topology configuration and generation tools
- Poly-Mapper & Poly-Generator

» Process
« Add cores until no more benefit at a certain memory speed
» Change memory speed and try again
» Repeat with multiple packets/payload
« Application unchanged with increasing number of cores
+ Used topology discovery
 Reconfiguration with the tools

Multicore
[assszsarinm]
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We did the experimentation using a simulator (Simics from Virtutech) and an
RTOS (ThreadX from Express Logic), and an MCAPI communication
framework (Poly-Messenger/MCAPI from PolyCore Software).

The processor was PowerPC PPC440 and each processor had local memory
and a shared global memory that was used for the communication.

We used tools for the topology configuration and generation (these were Poly-
Mapper & Poly-Generator from PolyCore Software).

There was a one to one mapping between an F4 and a core.

Memory speed was varied and we al so
reference.

We repeated with multiple packets per payload.

The application was set up to use the topology discovery to learn how many
cores were available to avoid changing the source code between runs. All
reconfiguration was done through the tools.

used
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MCAPI case study continued

» Results — application running on different # of cores and with different payload

Parallel and transfer size speedup

1200

100

— Pariect MaMOtyY

— 00 yches. single pont

200 cyches singhe pont

500 pyches. sHngie port

= = 100 oyches single pont, 4 packetsimns

800

to 1 node, 1§

L=

- 200 cychs wingle pont, 4 packEioms

400

000 {

500 oycles. uingle port, 4 packetsions

Cycles refer w global
{shared) memary access
tume
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The solid lines pertain to the results of single packets per transfer. Dotted lines
are 4 packets per transfer.

With perfect memory, the data shows almost linear performance increase up to
7, and after 9 there was no more benefit.

At 500 cycles, performance topped out at 5 F4 cores.

With larger payload, performance was pushed further all the way up to about
11 F4 cores.



ltés difficult to predict how your

MCAPI provided a convenient and simple and programming model, the
discovery was useful, and load balancing was simple to do with messages. We
used the endpoint ID of each F4 core and sent that back on a queue.

Rapid prototyping is useful for identifying how your application will behave and
what is the optimal configuration. It is fantastic to be able to do this before
committing your application to hardware.

The tools and runtime software allowed us to try many configurations in a very
short period of time. This may not be even be possible with real hardware.

appl i



